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An investigation into the general and pitting corrosion rates of rolled homogeneous
armor (RHA) steel in immersion and salt-fog environments is presented. The mechanical
properties of RHA steel have been studied, but the effects of corrosion on RHA have not
been analyzed. An immersion environment of 3.5% NaCl was used to induce corrosion for
the total testing period of 1500 hours for four immersion samples. A Q-fog cyclic corrosion
tester was used to simulate a salt-fog/humidity/drying environment for four salt-fog
samples. The different mechanisms of corrosion (general and pitting) and their associated
rates were quantified through evolved hydrogen gas measurements, profilometry, Scanning
Electron Microscopy (SEM) and Optical Microscopy (OM). The primary corrosion
mechanism in the immersion samples was general corrosion, while the primary corrosion
mechanism in the salt-fog samples was pitting corrosion. The immersion samples showed
no signs of pitting corrosion.
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CHAPTER I
INTRODUCTION
Steel alloys are of great importance as the most widely used engineering material1
with extensive applications in marine, transportation, mining, and construction industries,
to name a few. Armor steel alloys, which are low-carbon steel alloys, have been used
heavily for armored vehicles and defense purposes as these steels have good ballistic
impact resistance.2,3 In particular, Rolled Homogeneous Armor (RHA) steel is extensively
used for a wide range of events relating to military and defense applications. However, the
corrosion of armor steels and specifically RHA steel has not been well characterized.
Corrosion has immense practical importance in terms of both economic impact and safety
concerns. Corrosion is a complex process consisting of various interrelated phenomena
that vary with the environment of the application. Aqueous and atmospheric, and industrial
and military have different environments and must be studied when considering corrosion
prevention. Each application may require unique efforts for adequate corrosion prevention.
As such, many different aspects of corrosion prevention in iron and various steels in
different environments have been used and modified over the years.
Chloride and other ions have been given particular consideration due to the ions
known effect of promoting corrosion in iron and iron alloys.4–6 Chloride is known to cause
localized attack resulting in dissolving of the protective oxide film and the formation of
pits.5,7,8 The corrosion of weathering steel and other carbon steels in a cyclic wet/dry
1

environment was studied to compliment previous work on long term corrosion.6 The
amount of corrosion in carbon steel increased with increasing chloride concentration.6 The
formation of Green Rust (GR), a transient intermediate compound between iron metal and
the final corrosion product, has been studied.9 GR formation also accelerates in the
presence of chloride ions.6 Increased temperatures also accelerated corrosion up to
approximately 70 ˚C, which can be of particular concern for sea bearing vessels operating
in warmer waters.5 The corrosion of iron alloys in immersion environments is one of the
most important considerations with respect to corrosion prevention.
In the presence of oxygen, iron will corrode at some rate, as will steel, due to the
thermodynamic stability of iron oxides.1 Increased Dissolved Oxygen (DO) in immersion
environments accelerates corrosion via increased oxidation rates.5,8 In iron and steel alloys,
a protective film forms when the surface is exposed to the environment. The film acts as a
barrier to further corrosion for as long as it remains intact. If the film remains indefinitely,
the result would be a zero corrosion rate after some period of time. However, if the film
breaks down at any point, the corrosion will continue as long as fresh surface is exposed.
Local film breakdown due to anion attack often results in pit formation (pitting corrosion).
If the breakdown is on a global and uniform scale, the result would be continued general
corrosion. The challenge lies in predicting which corrosion mechanism will dominate with
many varying factors.
To the author’s knowledge, the distinction between these corrosion mechanisms in
immersion and salt-fog environments for a RHA steel alloy has not been quantified. Our
research endeavors to accomplish just that. Whittington et al.3 has quantified the
mechanical damage of RHA taking into account the temperature, strain rate, and stress
2

state using Horstemeyer et al.10 damage/fracture model. Walton et al.11 has developed a
corrosion damage model for magnesium that has be added to the MSU-ISV-damage model
for magnesium but has not been utilized for any steel alloy. Our research goal is to
characterize the different mechanisms of corrosion of an RHA steel alloy so that the
chemical damage term of Walton et al.11 can be added to the Horstemeyer et al.10
mechanical damage model with the mechanical property data from Whittington et al.3
Walton’s corrosion damage model11 considers general, intergranular, and pitting
corrosion mechanisms according to the following equation:
𝜙𝑐 = 𝜙𝑔𝑐 + 𝜙𝑖𝑐 + 𝜙𝑝𝑐

1.1

where the total corrosion damage (𝜙𝑐 ) is the sum of the general corrosion (𝜙𝑔𝑐 ),
intergranular corrosion (𝜙𝑖𝑐 ), and pitting corrosion (𝜙𝑝𝑐 ). The model further breaks down
pitting corrosion into pit nucleation (η), pit growth (ν), and pit coalescence (c) by the
following equation:

 pc =  p v p c p

1.2

The corrosion damage model currently includes research on magnesium alloys such
as AZ31,12,13 AZ61,14 AE44,15–17 AM30,18 and AM6019 in immersion and salt-spray
environments, the latter of which simulates cyclic environmental exposure. The corrosion
model is the basis for this research, which considers general and pitting corrosion in the
two environments. Equations 1.1 and 1.2 show the general conceptual model and can also
be expressed in rate form as follows:
𝜙̇ 𝑐 = 𝜙̇ 𝑔𝑐 + 𝜙̇ 𝑖𝑐 + 𝜙̇ 𝑝𝑐
3

1.3

𝜙̇ = 𝜂̇ 𝑝 𝜈𝑝 𝑐𝑝 + 𝜂𝑝 𝜈̇𝑝 𝑐𝑝 + 𝜂𝑝 𝜈𝑝 𝑐𝑝̇

1.4

where 𝜙̇ 𝑐 is the total damage rate, 𝜙̇ 𝑔𝑐 is the rate of change of the thickness or loss in
surface area related to general corrosion, 𝜙̇ 𝑖𝑐 is the rate of change of the volume fraction
related to intergranular corrosion, and 𝜙̇ 𝑝𝑐 is the rate of change of the volume fraction
related to pitting corrosion where chloride is the active species which initiates nucleation,
growth, and coalescence. Also, 𝜂̇ is the nucleation rate of the pits from the pit number
density, 𝜈̇ is the growth rate of the pits from the average volume of the pits, and 𝑐̇ is the
coalescence rate of the pits as a function of nearest neighbor distance.
The mathematical framework of the corrosion model is outlined in detail in Walton
et al.11 This mathematical model unites the different corrosion mechanisms in terms of
measurable quantities obtained from experimental data to quantify the total corrosion
damage of the system. This model is applied here to the study of the corrosion damage of
RHA steel to determine which corrosion mechanisms (general and pitting) dominate in
immersion and salt-fog environments.
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CHAPTER II
EXPERIMENTAL METHODS
2.1

Processing and Sample Preparation
Eight identical 2.78 cm × 2.70 cm × 1.16 cm Class 1 RHA samples were machined

with a surface area of 27.73 cm2. To make the samples, a strip of RHA was cut out of a ½
inch plate (ArcelorMittal). The RHA plate was manufactured with the following sequential
process: melting, casting, rolling, quenching, and tempering. The tempering process
included the following steps: the material was first heated to 904.4 °C, held at that
temperature for 21 min, and water quenched, then the material was tempered by heating it
to 482.2 °C, held at that temperature for 39 min, and allowed to air cool. The strip of RHA
was then cut in eight approximately equal portions using a Lagun Manual Milling machine
(Lagun, Harbor City, CA). This same machine was then used to drill a 1/8 inch hole into
the top center region of each sample. The samples were then simultaneously ground to have
a uniform size and surface roughness using a Harig Surface Grinder (Harig, Skokie, IL)
with a silicon carbide stone. The weight of the eight samples were as follows: 66.964,
67.024, 67.011, 67.013, 67.000, 67.053, 67.054, and 67.104 g, with a standard deviation of
0.042 g and an average weight of 67.028 g. The chemical composition of the RHA used is
shown in Table 2.1.

5

Table 2.1

The chemical composition of the RHA steel samples in weight % as
provided by ArcelorMittal.

Iron (Fe) makes up the balance.

2.2

Immersion and Salt-fog Corrosion Testing
Samples 1-4 were immersion samples and samples 5-8 were salt-fog samples. All

eight samples were tested in increments of 50 h, 75 h, 125 h, three increments of 250 h,
and 500 h for a total of 1500 h of corrosion testing.

2.2.1

Immersion Testing
Samples 1-4 were immersed in an aquarium filled with a 3.5% NaCl solution made

with deionized (DI) water. The samples were suspended with fishing line from specially
designed plastic stands in the aquarium. Cellophane wrap was used to cover the aquarium
once the samples were in place to limit solution evaporation. Evolving hydrogen gas was
collected for each time increment as an indication of the corrosion rate. The H2 gas was
collected in an inverted graduated cylinder atop an inverted funnel placed directly above
the samples as seen in Figure 2.1. Total evolved H2 was determined using the difference
between the cylinder initial and final readings of the meniscus.

6

Figure 2.1

2.2.2

The general experimental setup for the immersion environment showing the
sample holder, filter, and graduated cylinder (left) and the entire covered
aquarium (right).

Salt-fog Testing
Samples 5-8 were suspended inside the Q-fog cyclic corrosion tester (Q-Lab,

Westlake, OH) that had been programed to continuously cycle through 20 minutes of saltfog (3.5% NaCl), 20 minutes of humidity (DI water), and 20 minutes of drying for the
designated period of time. After each test for all eight samples, they were removed from
the corrosive environment, washed with DI water, patted dry with a kimwipe, weighed,
measured, and placed in a desiccator.

2.3

Laser Profilometry Analysis
After each increment of testing, the immersion samples were analyzed with laser

profilometry (Talysurf CLI 2000, Taylor Hobson Precision Ltd, Leicester, England) before
7

being placed back into the aquarium for additional corrosion testing. Laser profilometry
was performed following each corrosion increment on the front face of each immersion
sample. A 1 mm x 1 mm area was scanned using the laser beam for a duration of 3 hours
42 min. The scanning speed was 500 µm/s, with a spacing of 0.5 µm and a resolution of
2001 points. Upon completion of the corrosion testing, the laser profilometry 2D and 3D
images were visually analyzed for signs of pitting.

2.4

Scanning Electron Microscopy Analysis
Following the 1500 hours of corrosion testing, Scanning Electron Microscopy

(SEM) was performed on the face of one of the immersion samples at several locations.
Energy Dispersive X-Ray Spectroscopy (EDS) was performed on the corrosion product
formed during the tests to determine the exact chemical composition of the precipitate.
After all testing was complete, a Struers diamond saw (Struers, Cleveland, OH) with a
diamond coated copper blade was used to bisect one of the salt-fog samples for further
analysis. The bisected sample was analyzed with SEM followed by X-ray mapping of the
SEM images to determine if pitting was present.

8

CHAPTER III
RESULTS AND DISCUSSIONS
3.1

Mass Change Quantification
Figure 3.1a shows the mass deviation versus the time for the RHA samples, while

Figure 3.1b shows the normalized mass deviation versus time (normalized by dividing by
the initial weight). The immersion samples have a near-linear mass loss for the 1500 hours
of corrosion testing with an average R2 value of 0.9938. The four immersion samples all
behave in a very similar manner. However, the salt-fog samples show a very different trend
from the immersion samples. The salt-fog samples show a sharp mass increase in the first
250 hours of corrosion, which indicates the retention of the corrosion products on the
surface of the samples. They also have significantly more variation between the four
samples themselves. The salt-fog samples do not behave uniformly as the immersion
samples do and so have greater associated uncertainty.
There is uncertainty associated both with the initial and final mass measurements
of the samples and with the relative rates of change for the individual samples. The initial
mass for the immersion samples had a greater uncertainty than the final mass of the
samples. The initial mean mass was 67.003 g. Regarding the salt-fog samples, both the
initial mass and final mass incurred notable associated uncertainty. The mean for the initial
mass state was 67.053 g.

9

The uncertainty for the data shown in Figure 3.1 was propagated to the 95%
confidence interval for the two sample sets, immersion and salt-fog, using the following
equation20:
𝑇̃ =

𝑡95 𝑆𝑇
√𝑁

3.1

where t95 is the T-distribution, ST is the standard deviation between the samples of the set,
and N is the number of samples in that set. The uncertainty observed in Figure 3.1a for the
immersion samples is almost entirely due to the initial mass deviation between the samples,
as the uncertainty is almost entirely mitigated when the data is normalized as observed in
Figure 3.1b. The uncertainty observed in Figure 3.1a and 3.1b for the salt-fog samples prior
to 250 hours is primarily due to the initial mass deviation between the samples. From 2501500 hours, the uncertainty is due to the different mass rates of change for the four samples.
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(a)

(b)

Figure 3.1

(a) The mass deviation versus the time and (b) the normalized mass deviation
versus time for the Rolled Homogeneous Armor (RHA) steel immersion and
salt-fog samples. The uncertainty is propagated to the 95% confidence
interval. Note the near-linear mass loss for the four immersion samples. Note
also the sharp mass increase for the four salt-spray samples denoting the
retention of the corrosion products.
11

3.1.1

Boundary Conditions
A boundary condition issue may be present for two of the salt-fog samples (See

Appendix A) due to their respective positions in the Q-fog corrosion machine. The samples
were suspended across the width of the Q-fog machine in approximately the same position
for each corrosion test. Sample 5 shows the highest ending mass, and Sample 8 shows the
lowest. These two samples were nearest the edges of the Q-fog machine and were likely
affected by their location. As such, samples 6 and 7, in the middle of the corrosion chamber,
gave the most reliable results.

3.2

Experimental Observations
An unusual pattern developed on the surface of each immersion sample while in

solution, and these patterns were retained on the sample after removal of these corrosion
products. The pattern is due to the difference in density between the corrosion products and
the immersion solution. Gravity causes the higher density corrosion products to flow down
over the surface of the sample before falling to the bottom of the aquarium. This occurrence
gives rise to the observed pattern.

3.2.1

Samples Before and After Corrosion Testing
Figure 3.2a-b shows an RHA immersion sample during corrosion testing and after

corrosion testing. Figure 3.2c shows a salt-fog sample after testing only, as the Q-fog
Corrosion Tester does not allow for viewing of the samples during experiments. The saltfog samples retained the corrosion products on the surface as they were not in solution.
12

Figure 3.2

3.2.2

Images of RHA immersion samples (a) in solution and (b) after being
removed from the corrosive environment and (c) a salt-fog sample after
corrosion testing. Note the unusual pattern of corrosion product on the
surface of the immersion samples while in solution and the retention of that
pattern on the samples after removal of those products. Note also the
retention of the corrosion products on the surface of the salt-fog sample in
(c).

Scanning Electron Microscopy of Observed Pattern on Immersion Sample
Figure 3.3 shows SEM images of the immersion sample from Figure 3.2b at

magnifications of 600× and 6600×. Figure 3.3a shows the solid surface, while Figure 3.3bc shows the edge of the patterned area from Figure 3.2b with three measurements of the
thickness difference between the two layers. The three measurements gave thickness
differences of 2.302 μm, 2.149 μm, and 2.166 μm. The average thickness from the three
measurements was 2.206 μm.

13

Figure 3.3

Scanning Electron Microscopy (SEM) images of the surface of an RHA
immersion sample after 1500 hours of corrosion at magnifications of (a)
600×, (b) 6600×, and (c) 6600× with three measurements of the thickness
difference in the observed pattern in Figure 3.2a-b. Pa 1 - Pa 3 represent
designators for the three subsequent measurements of depths illustrating a
maximum difference of 153 nm (2.302 µm – 2.149 µm).
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3.3

Laser Profilometry of Immersion Samples
Figure 3.4 shows two-dimensional laser profilometry images of the surface of an

immersion sample over the course of the 1500 hour testing period. The pattern observed in
Figure 3.2b was observed beginning at t = 125 h through the end of the testing period. The
surface roughness and depth of corrosion penetration varied little during the duration of
testing, denoting general corrosion with no significant presence of pitting corrosion. Figure
3.5 shows the three-dimensional laser profilometry images of the surface of the same
immersion sample. These 3D images also showed that no significant pitting occurred in
this immersion sample and that the general corrosion mechanism dominated in this
environment. The surface roughness varied from roughly 37 μm prior to any corrosion to
34 μm after 1500 hours of corrosion. The lowest surface roughness of 15 μm was observed
at t = 50 h. The average surface roughness from the six measurements shown in Figure 3.4
was 30 μm.

15

Figure 3.4

Two-dimensional laser profilometry measurements of the surface of the
Rolled Homogeneous Armor (RHA) steel immersion samples at the
following times (hours): 0, 50, 125, 250, 500, and 1500. Note that the depth
of corrosion penetration varied little during the entire duration of testing,
denoting no significant pitting corrosion.
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Figure 3.5

Three-dimensional laser profilometry measurements of the surface of the
Rolled Homogeneous Armor (RHA) steel immersion samples at the
following times (hours): t = 0 h the maximum on the scale bar is 38 μm, t =
500 h the maximum on the scale bar is 24 μm, and t = 1500 h the maximum
on the scale bar is 34 μm.
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3.4

Scanning Electron Microscopy of Immersion Sample
Figure 3.6 shows SEM images of the surface of the immersion sample from Figures

3.4-3.5. The surface was imaged at magnifications of (a) 6000x, (b) 600x, and (c) 100x for
identification of surface characteristics and corrosion mechanisms. The images show the
surface at (a) 18.5 µm in width, (b) 185 µm in width, and (c) 1154 µm in width. The surface
was exceptionally uniform and shows general corrosion with no signs of pitting corrosion.
Small corrosion products were observed on the surface in Figure 3.6b-c. These products
were residual surface oxides that were not removed when the immersion samples were
rinsed with DI water after being removed from the immersion environment. Note that no
additional cleaning of the surface occurred to remove the corrosion products, resulting in
small particles being retained on the surface of the samples.

18

Figure 3.6

Scanning Electron Microscopy (SEM) images of the surface of an immersion
sample after 1500 hours of corrosion at magnifications of (a) 6000× (18.5
µm across), (b) 600× (185 µm across), and (c) 100× (1154 µm across). The
surface is exceptionally uniform and shows no signs of pitting corrosion.
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3.5

Scanning Electron Microscopy and X-Ray Mapping of Salt-Fog Sample
Figures 3.7 and 3.8 show SEM images and X-ray mapping of two pits observed on

the edge of a bisected salt-fog sample. Due to the retention of corrosion products on the
surface of the salt-fog samples, no conclusions could be drawn regarding the corrosion
mechanisms for these samples. Thus, a sample was bisected with a Struers diamond saw
(Struers, Cleveland, OH) and the edges examined with SEM and further analyzed with Xray mapping. In both figures, the red indicates the iron concentration, and the green
indicates the oxygen concentration. The iron concentration decreased inside the pits and
the oxygen concentration increased denoting the high concentration of iron oxide corrosion
products present in these pits. In Figure 3.7, the observed pit is shown situated on an edge
approximately 1.2 mm from the adjacent corner. The size of the pit was 222.5 μm in width
and 209.7 μm in depth. In Figure 3.8, the pit is notably larger at 464.1 μm in width and
384.4 μm in depth. Also note the difference in shape of this pit compared with the pit from
Figure 3.7. The pit in Figure 3.8 is much more broad and open in shape than is the pit from
Figure 3.7.

20

Figure 3.7

Scanning Electron Microscopy (SEM) images of a single pit on the surface
of a salt-fog sample and the x-ray mapping of this pit for iron (red) and
oxygen (green). Note the size of the pit at approximately 222.5 μm in width
and 209.7 μm in depth. Note also the decreased concentration of iron inside
the pit and the increased concentration of oxygen denoting the iron oxide
present in the pit.
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Figure 3.8

Scanning Electron Microscopy (SEM) images of a second pit on the top
surface of a salt-fog sample and the x-ray mapping of this pit for iron (red)
and oxygen (green). Note the larger size of this pit at approximately 464.1
μm in width and 384.4 μm in depth and the more open shape. Note also the
decreased concentration of iron inside the pit and the increased concentration
of oxygen denoting the iron oxide present in the pit.
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3.6

Internal Damage in Salt-fog Sample
Figure 3.9 shows an SEM image of the internal damage on an RHA salt-fog sample.

The internal damage comes from particles formed during the pouring and rolling process
of manufacturing the material. When the sample was bisected, the particles detached from
the base material, leaving voids behind. These voids have a very similar appearance to
corrosion pits, but in fact, are not due to corrosion.

Figure 3.9

Scanning Electron Microscopy (SEM) image of the internal damage on an
RHA salt-fog sample. The internal damage comes from particles formed
during the pouring and rolling process of manufacturing the material. Note
that these voids are not a result of corrosion.
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3.7

General Corrosion Discussion
The primary corrosion mechanism in the immersion samples was general corrosion,

as denoted by the near-linear mass loss shown in Figure 1. The thickness loss, or the general
corrosion, of the RHA immersion samples occurred when the surface of the RHA samples
reacted with the aqueous environment to form an iron oxide film. Due to the environment,
this film was uniform and largely protective of the surface. Once formed, the film slowed
subsequent corrosion. While the presence of chloride anions does limit the effectiveness of
the film, localized anion attack is not significant in the RHA immersion samples as the
uniform film is intact, and therefore, no pitting is observed.4–8 Instead, global film
breakdown is observed through the continued mass loss at a steady rate. If the film were
completely protective, then general corrosion would occur until the film completely formed
and then the general corrosion rate would drop to zero. Since this is not what was observed,
the conclusion can be reached that the film is highly protective against pitting but not
completely protective against general corrosion since water is always present.
The general corrosion was not significant for the salt-fog samples as the mass of
the samples increased significantly during the first 250 hours of corrosion due to retention
of the corrosion products on the surface. These corrosion products form a thick, solid layer
and cannot be removed without losing the integrity of the surface. The general corrosion
of the salt-fog samples ultimately cannot be quantified due to the retention of corrosion
products on the surface. General corrosion may be present to some limited degree or may
not be present at all in the salt-fog samples, but no definitive statement can be made
regarding the general corrosion in this cyclic environment for the RHA samples.
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3.8

Pitting Corrosion Discussion
Pitting is the primary corrosion mechanism in the salt-fog samples. As observed in

Figures 3.7-3.8, large pits (>200 μm2) developed during the fog-humidity-drying corrosion
cycle. Though only two are shown, many pits were observed around all outside edges of
the bisected sample denoting extensive pitting. In a salt-fog environment (fog-humiditydrying), the water that condenses on the surface of the sample evaporates during the drying
cycle, leaving the salt ions dried on the surface. Since the water is only intermittently
present, the ions build up and react unabated and the formation of an oxide layer is not
promoted. Because the oxides are sparse, the chloride ions can migrate through the oxide
layer to the fresh metal underneath and continue to promote pitting corrosion.
The pitting cannot be quantified with the current data due to the difficulty with
observing the total pit number density from the adherence of the corrosion products to the
surface of the samples. A different method will need to be used to be able to quantify the
pit number density and pit area. The development of the pits over time will also need to be
specifically studied in the future. A time step approach with the samples being bisected and
imaged at various intervals will need to be taken in the future to provide information on
the time-dependent development of the pits in the salt-fog samples and if or when general
corrosion begins.
As observed in Figures 3.4-3.6, no pitting corrosion is present in the immersion
samples after the 1500 hours of corrosion or at any of the intervals. The variation in the
surface roughness is very small and does not increase with time as you would expect in the
case of pitting corrosion. If pitting were present, the surface roughness should increase and
the mass loss should not be linear with time. For sustained pitting, fresh metal must be
25

exposed. However, when an oxide layer is present, the chloride ions cannot reach fresh
metal to promote pitting, and so general corrosion dominates. The implications of these
results could be quite impactful for marine vessels and automobiles in terms of corrosion
resistance, since the different environments promote different corrosion mechanisms.
3.9

Corrosion Damage Model Quantification
The linear rate equation for general corrosion in the immersion samples as shown

in Figure 3.1 is 0.168 mg/hr with a R2 value of 0.9938, indicating a very consistent rate.
This rate translates to 1.47 g/yr for samples of this surface area, or 0.0530 g/cm2/yr. Also
from Figure 3.1, the salt-fog tests exhibited a transition of mechanisms between 500 and
750 hours. Beyond 750 hours, a comparable rate of 0.0893 mg/hr occurred, indicating that
the same mechanism of general corrosion could be the most dominant mode in that regime.
Prior to 500 hours of exposure, corrosion pitting was most likely the dominant corrosion
mechanism as pitting was exhibited in the salt-fog specimens but not the immersion
specimens.
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CHAPTER IV
CONCLUSIONS
This research studied and characterized the different mechanisms of corrosion in
RHA steel to aid in the addition of a chemical term to the already established mechanical
damage model. An investigation into the general and pitting corrosion rates of eight RHA
samples in 3.5% NaCl immersion and salt-fog environments over 1500 hours of corrosion
is presented here. The following trends were observed:
1. Regarding the immersion samples, general corrosion was the dominant corrosion
mechanism for the 1500 hours of corrosion. No pitting corrosion was observed in
these samples during the testing period.
2. Regarding the salt-fog samples, extensive pitting corrosion was observed in the
samples though quantification and time dependence of pitting corrosion could not
be established with the current work. The presence of general corrosion in the saltfog samples is hard to determine and difficult to quantify due to the retention of
corrosion products on the surface and subsequent increase in mass.
3. Regarding internal damage, voids were observed in the bisected salt-fog sample
which stem from particles formed during the material manufacturing process. The
particles were dislodged when the sample was bisected, leaving voids behind. Note
that these voids are not corrosion pits and are not the result of corrosion.
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APPENDIX A
EXPERIMENTAL IMAGES
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Figure A.1

The Salt-fog Corrosion Tester with the following areas marked: (1) power
switch, (2) air valve, (3) secondary pressure gauge, (4) pressure gauge and
pressure control, (5) salt water reservoir, (6) salt water reservoir drainage
valve.
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Figure A.2

Interior view of the salt-fog corrosion chamber from the lateral viewpoint.

Figure A.3

Interior view of the salt-fog corrosion chamber from the longitudinal
viewpoint showing the four suspended RHA corrosion samples before
testing began.
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